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(57) Abstract: 

PROBLEM TO BE SOLVED: To safely obtain an n-type 
gallium nitride single crystal substrate that has an 
arbitrary carrier concentration without use of hazardous 
silane gas by adding oxygen as a dopant showing the 
n-type electronic conduction and allowing the substrate 
to have no part made of another material. 

SOLUTION: A mask is fitted to the substrate of GaAs 
(111) and a window positioned at the top of the 
equilateral triangle having one side in the [11-2] 
direction is attached to the mask and the GaN buffer 
layer is grown by through the HVPE process where H2 is 
used as a carrier gas, and GaN is formed reaction of the 
GaCI (from Ga and HCI) and with NH3, or through the 
MoC process where H2 gas is used as a carrier and GaN 
is formed by reaction of GaCI formed from an 
organogallium compound and HCI and with NH3. Then, 
the GaN epitaxial layer is thickly formed over the 
thickness of the mask by the HVPE method or the MoC 
method by using HCI containing O or water, NH3 gas, H2 
gas as a starting and/or carrier gas. Finally, GaAs 



substrate and the mask are removed. 
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( 2 ) 
1 ' 

m^mi] niotf r k-a> h t its 

«£-rsSMfc# 'J 

[«*^2] nM©*-V'J7ii«aU X 1 O 1 6 cm 
' 3 ~ 1 X 1 0 2 0 cm" 3 T^^^i^WSit-r^W 

[»#3H 3 ] &Jj|*£# 1 x l 0 1 6 cm" 3 ~1 x 

i o"cm- 3 ©ttHrtT*oTa^#*©**6*>jiai 

#1X10' 8 cm" 3 filTT*-5*£«M*£-r.ani# 10 
[ffi*«4] SiM^lxiO 1 ' cm" 3 OTT 

[ff*J15] G a A s (1 1 1) SlSOJitC, VX;? 
S#tt. [1 1 - 2 ] ffl«#OiEH*!#©]Hj& 

^I^Ga^ItHC IIZiOGaCl *fl*0 7'> ; EX. 
7 (Cct o TG a N ££fiTt £ H V P E -V 'J 7# 
X£LTH 2 ^ffl^GaWS^BiHC 1 IlioTGa 20 
C 1 £f£D7> ; £-7tCj;oTGaN££fi£-r£MOC 
ffiCioTGaNA-'^Tl^fSfi^t, SSKRSSX 
te*£-£trHC 1. NH 3 117.. H 2 # X £rl§C£|-RtMr 
•V U7^i:LTffl^HVPEffiSfcttMOCffi(;<ko 
T-7XffMiATGaNXW + yt;H*)?<t 
j£U GaAsSliVXi'^SLTniGaNOg 

[«*JI6] G a A s (111) a«©_L{C. 

[i i -2] *i«asfc« [i - 1 o] jj\mz¥- 30 

fT£«»©SS*»WT [1 1-2] *(p]S7t« [1-1 
0] ^(C^Pff ftX h 5"f ZttOTX^tU. *f 'J7 
#X<hLTH 2 ^fflWailtHC 1 CiOGaC 1 
£f£ 0 7 >€-7CJ;-3TG a NS4(S"f5HVP E& 
XfS*^ 'J7#X<i:LTH 2 ^ffl^GattlflcHC 
1 CfcoTGaC 1 &ftQT> : £-7\Z£-z>TG aN£ 
MtSMO CSCioTG a NA^ 7 7i«SS 
it. SSK«*Xte***trHC 1, NH 3 #X. H 2 
tfXSJBCttfttf** U 7#X £ LTfflUHVP Efe^fe 
ttM.OCfelCj;cTVXi7jp*-$jK^TGaNXIf^+ 40 
->-VJHi£J3<£J5fcU GaAsS«t7X^^iL 
TnlGaNOgaittSCt^lScn^WJ 

[^©PNffl&aftW 
[0 0 0 1] 

5'^Oti i fA , 'f XfflOG a N»«SSSS, & «t Z>*-?-© 
ttfefrSfeKWr*. ^ICnMG aN*««Sjg7Jffi(cM 50 
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[0002] 3 - 5it&ta*wc&iAmmi!fimB\z& 

e>n-5©tt, GaAs, In P. G a P& d 

[0 0 0 3] GaN(l;OH^t7 7A ( a>OTfM 

G a N-*-*©ffi©£ffc*fi«©*M£»*LTWft»# 
*T<hT-5WC#£. ffil3l©aS©±iCGaN^ 

Tfefrbmo L«fifciP©TG a N^«tCtt^RS 
a**»Kf££T£. Ld^L^RB^SWifiS^fcfcJIiJ^TG 
aN©^-ft-H«t<3t5 0 W-ft-h'tb 

T3^=k<%}rr-£<h<^©W:G a NiCffiiNfOfecOT?^ 
*. GaAs^I nPCDU— ifTtt^RS^Me-TtV^ 

[0 0 0 4] CHTSE{l:»**##:<tl»'5*Stt. Ga 
Nfc*(m<AIN^, InN. GaNtA 1 Ni I n 

fcS^trHftO^WI^^SiftTttfc:^. GaN#± 
fcT$>2>tfA 1 Nfc— gR{C-^tr75^G aNtV^TUS 

STGaNT*5. 
[0 0 0 5] 

[«£*©&«] ft*. gftttfc^MMfrSfll^fcSBfc*?- 

©±tCGaNJW!t*MOCVD*ICj:-3XXfcr^ + ->r 
JWfi*tT5lfF*ff«bT^*. 'JRjBfHGami 
i7>tr7t*t) Ctl?.SrifiSiCSJC&$-ti--5o nSJ© 
Xbf^^->^;U^i-r^fcJ6fCtt, ->7>#XSiH 4 
*JB<BHc»JnbTV»«. S i #nIh*-/OFc^T 

[0 0 0 6] G a NWS0k : £:W(.-& : £>COT?$>Z>fr£,. GaN 
SS^fcotfcfi^ttfT-*^. GaNClTO 

n^e>^»tr£#ftn. -y-^T-r-vsiswGaN^fffe^ 

t>A<i*6. GaNtO«f£»©IWi7Ctl^ 
ni:feM*f.f*ffll/^K5#tt5*LfcGaNie 

?*i/*)vfc&m&VLmw®%,\z%&z.h-tf-?%z>. -y- 

*. COi5^(tTGaN^$^SSlW7 7'f 




( 3 ) 

3 * 

[0 0 0 7] L^Lf77'ftS«Cfe{«;M*5. I 

7c©X;£«ftliiS®a%iA<i:t/>o -p© 

v>„ G a A s U— tf^ I n P U- — *fTteg&CDf?|»®# 
*i8»tC*JfflSn*. fSHfflttSEKb^fclfWctaW 

¥3S# V — if © »•&© H © J: 3 T » & . 
[0 0 0 8] «3t^-f *-K*f^-6»^J4M563t©fc* 

*n»ijfes*K9xA*»6^yyfc»«-r€ra. fSSJ® 20 

[0 0 0 9] -*;iTtSlliii©»*S i C^lttLTJB 
^«*W?£SnT^5. S i CteteT^&fcG aNtC 
ittiK b® < T»j»ttfe » 0 t<D±.\Z G a N ^fiT 5. 
»BSS*ia&-5^6g^»H-rsci<fcfcT^S. b^bd 
ntt&feW^RBfctifSoT^S. S i CteS&T 

S i C&mfaff&ii-iT, hflSfclfc*. S i C1SOG 
[00 10] '!t7 7-1'tl«*ffl^i.i, GaNW7 

r-fir ©te^5£&^jt5©T. xe$r*->-wHBf fc* 

TV^GaNr/HXOGaNIi;^^->v;Hi:H 1 
0 9 cm- 2 g«©i*«£©teffia*gri:ft*. G a A s 

a«©«^«Att9is±tfffitrfPt>fc»«fctti o< c 

tete<t*«BI6nfc. GaNHlO' cm- 2 fc©»<^ 40 
^ifiStfffiW^lfc&S^&oTfcfgft^-l' h* L bT$ 
I1BT-5. ^JB*«t*r»«tV»L*. l/*l/GaNI/-f 
©*£«^-©<fc 5 &i«ttK®KK#<**€&< MBIT 
^S©Ttefc^<h#;iL£nT<^-5. U—tf ©«£•&») 

[0 0 11] GaNW-feSBtSt^JC^T, GaNXtf 

**->-wm-z?©KRg&ae«i o 9 cm- 2 ictit-r-s 

© it— -O Id liSg*^ 77-ftt>^T-S5 ( WSfcfr** 
77-ftt»i^GaNTfei.(!:^5^TniW + y 
tMl$feu!St>Tl^. tMMftift<b&5U t&^$£ 50 




4 

7vT-5oI^'l4^^-5o -y-77-T ^±(C^a>©ELO (Ep 
ilaxial Lateral Overgrowth) tCJ:0<£^:P(g©G a N@ 

[0 0 12] it7 7-ftS«S«ioo. £0£:R&©'> 
&^GaN&0<5. £ft#— 0©73fS]T$.-5= -£-©<£ 

:/#5&£*T-£>VX;7£fl-«\ fffliA^GaNMfi 
$-&Si:^-5K**^Stlfc. ^tl&Xfcf^S'-WL'^ 
T^l^-A'-^D-X (ELO) «^«|gjl 

m^&mxmc - 1 1 , vo i. j 8 1 - c - 1 1 , p 

5 8~6 4 

[0 0 13] £ n fC J; £ £££*©*)© J: 0 t>&R&&a?7&t 

X7^LTGaN^I3t5„ ^©Tjft^ y .fTS 
5&©fii7Jtex = k A, x= (k+s) A (kttg 
A«x7j|3l©JlflS, £A»«fi) tCctoTW*{C^ 

© [11-2] Xtt [1-10] 7j|6]T;g>£„ ^fiWSiJ 
f£ffl©££«4£<£?©TVX^©±ICteGaN«j£* 

Btcm5£bfc«a«irr-5. f©S*^GaN^It 

[ooi4] «fi*«s6t:j$arrst«{<ofi#*ieitie 

T**. t3S0GaN«**taife©T**. P 

[0 0 15] X^I'T'TXi'CtoTfotGaN/ 
t7 7-ft»Sitt. KHB&«7WgTb*:£:V>5t>©©. 

^yy-i^mt^m, s»wic*3e&«KT*o, t7 7 
T£7j 6n**«saEos o ©fe*w^Hai-eab 

V>il>5IBIH*«»*. S«fflir77-fttGaNiI© 
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o«iSlil:iSS;t». £t> 5 -5. coiift 

[0 0 16] G a N$^©Sftli^£^ 1 !:f oTfcG a N 
#«fi*>&V>. GaN*MlO±l:GaNlW + -/til' 
fiR6Sii'-5i^RS^ftttJ:0fi«-r-5f*5'5. GaN 

y^is>tf&®%\zuz>. isfrhmm&'vwzfrz&m io 

[0 0 17] L*Lf335W*- StlC.toT&^U 
yy-7>Sl;J;^TfeGaN^i^aTtaK 

6 t h *a ©w^i **6jt b ^> t? JSSfiKfi^ -t± -s 

a»E£8Kt* £¥«r#JBSI6# Lo^Uft^tS C £ 

G a NttJMStt!|g*>&^:SilSaJ&*T*&l»t*Wft:0-C* 

[00 18] *5£«#tt, £©J: "5 G a A 
s*K_hK:ELOIC«fcDGaN£fi!EfiLfc«fcfc:Ga As 
*«£X^>^S-rS£t>5£rLV>GaNaig©f£ 

F httlOg&RW*. Xh5-f 30 
ilf x = 3" , kd, y 
%h2m x = 3 l/! (k + 0. 5) d, y 
[0022] :il;k, h«g£cT"&-5. — OCD;gl4 6 

3 l/! /2, ±1/2) , (0, ±1) T**. 
[0 0 2 3] ^n6iE=ft»0]ljft»C«*BI»tTGaA 
sffi*&GaNS^S$t5t, «T?fll3iLfc«5S£* 
LI- ci$±tLT, G a A s [1-10] TjfttG 
aN [1-2 10] ^t^spfflCbT^fiT-i.. Ga 

lillLfi:^. «©J**«ttriEfi-T* <!:S6©Jbfc:iBl D jA 
*«ft#lCGaNjW6ftj5Rfi-r*. *-5S65O«0»ctt6 



K 9 #fg£L^TV><fc</>5X£a<fcS *>©©*£ 

■T*iE=ft»*©]I^©te«tc«*B|tt*. &&fo<DM 
oT&Mmgj£T£oT<fcU. &£/j&y (C 1 m&ftT 

[0 0 19] mojg-rjE=a»/^ — >©HfcJBW£l:: 
^ttSMO^STJbS. fOi^&SSILTGa 
A sffif£GaN£Mfflj£fi£t!--i>,, a+BfiRgffit4»MS 

[0 0 2 0] 7^7;^fiSf4*%K#{C«t^#S s P9 
-2 9 8 3 0 0^ «fS¥l 0 - 9 0 0 8 ^{ClfcBJ! 

G a A s (111) AffiSfcttBMKVX^&tt 
It [11-2] ^£lZZ£&o:iEHftlW«&£L*- 

SSLT^S. (Ill) A®<hU3©f4. GaSW 
ffi±KMA/T?U5BT<&.5 < , SgS7rfi©-?-f ^XftlCO 
V ^TttSc* CD JiiC- SrtfT* K ± -p Tgf jW* W^^ffl* 
T*t4^© «t 5 e. . ^cobu (C - £o 
\12>o G a A s (111) ABtcH;3£-r-5 2tt« [1 1 
-2] t [1-10] T"fe5. fIT*y= [1 1 - 
2] , x = [1-10] t^O&oiZ (111) ffiJifC 
H^^coiffl^di-r-Si. jgte 

[0 0 2 1] 

= hd (1) 
= (h + 0. 5) d (2) 

[0 0 2 4] £tttC^A«IE7^»©«&0igb(;J;c>T 

-T-5. G a A s (111) Ali:^UTGaN«4 

?SD©22ttyttll;r*fLT3 0° <£^"T. (Ill) A® 
TIEAfc^J&BT**^©!^ [1 1-2] (Citftfc* 
£^oZ.£.-F&2>. SI0©i2f4 [2 - 1 - 1] , [- 1 
2-1] TabS. £©7j1ite£TG a A s &||CD;£&T 

[0 0 2 5] ^-C0±lCXlf^^->^;UfiXftLfcGaNC0 
7j&f4, dtl<fcl4ii5o G a A s (4P3ffiK)l£M (zinc b 
lende) ±LJjik%T*$>2>o G a Nte7v7jli?ST-&-57> <=> 
4^0/^5^-^ (klmn) IZiotMSSIt 
•So £©?"5k. 1. mf4— ^pffiTCO/t^^— ^TfeD 
ttSiT&ti. m(i5W;i2 0' (a, 

»k, 1 . raT*Jfe5. k + 1 +m= 0 t^?mm&$> 




( 5 ) 

7 * 

(a, b. d®) izmm.T"S>0. c$m<0lZ6®*tfti& 
GaAs© [1 1 1] tttGaNCDctt^W 
\Z-?Z>£.5tl.1&&WL&&nt>nz>. G a A s (111) 

ICG aNSttT^S. G a A s (1 1 1) HtCGaN 
Oc«|ij«ittSSf*. G a A s (111) ffitc. GaN 
(0 0 0 1) H^tJpffTSS. GaAs© [1 1-2] 
(y«) IC. GaN [10-10] 
GaAs© [—1 10] Jjfii (xft) CGaN© [1— 10 
2 10] TOT»5. 

[0 0 2 6] ;i©<fc5&ELO£fll^£:GaNg;|£©§S 
ifirPirXSr*%l8#**0B5£b, j&»&0ff^G aNWB 
S*GaAsa«JttCfiRS$-a--5*tCfiK?bUfe. 
GaAsSffiSl-yf^^SL., G a N<Z>e£jS£f# 
fc. 

[0 0 2 7] @4ttGaNCDXtf^ + ->-v;i/fitfiCDiag 
SrSrT. 0 4 (1) (JGaAsS«l:7X^^(-tS5; 
BBftAc«ffiT"^^o 0 4 (2) \Z-?X>7(Dm<DMft\Z&. 
iSTG a NA7 7 7i*fiEI3tfc«I5St. El 4 20 

(3) tt3&KGaN*iftiitS-8\ ff#-£if ^Lfcfc© 

Sr^-r. fifiiriaEfi*-a-fcAy7r)itt«ttaoGaN 

iftfiTGaNSj«fiStt*iftgTl*JI*:W© 

GaAs$Iyf>^i4t5„ T^^oa^tt 
W«!CJ:oT|^<, *"5T*tGaN®eSi*Sll3ft«7r* 
-5. 4-#&ff*#£37^6G aNS1££;&3. cnST 
*SGa N#ttft**#«EU)&l»^6a«»CT?*ft:^ofc 

[0 0 2 8] 

«GaNil(iMOCVDSTO<f, 
tlfeo GaNXtf^*v-WUJl£nSJt;:Tl>/cJ£>S i £ 
F-/HW;. S i Z<e;tS^Mt-e?®)X"b-o£bX^ 
L-PT^bOltzs^yjJX (SiH, ) 1^4. U^U 
^7>^xafjfSUW)tiM^T*5. TT*n« 40 
Life < «t 0 Sfc^T fcgttfMWifiS^ nS 

[0 0 2 9] MGaNlW+ytMIltt. /> 

«fcoT«qHl/fcG a Nt>y > H-m^TfcnSOS 

[0 0 3 0] 7 > K-^T&SCDlCi:^ 
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[0 0 3 1] ¥##tt*HWfc*«*£to*.&^«£ifc 
■TXtt^^: (n = p) \Zf2.2>frt^ot^?-C\ZU 

^•V>„ y >\i — 7S i UnSlCftS. GaAstiSBlW 
tC^M^AtlteV^n^M-f -So GaNtey>b* — 

> F — :/T**©fc nfflfcfc* G a N<Dg#tSfi|S^ 

jc ue#«fp-r**«fes«ttr * c <t3&**fswo* i © 

[0 0 3 2] 

[0 0 3 3] 0iRtfHVPES (A7-f FUCffi/SSS:) 
TGaN£Xb!^*->Wl'J*:RSii-"S«£. ITOiG a 
£:JR. ^{tTK^HC I. 7>tr7NH 3 

aNlW*->tiWJnlT*5, JlM^XtCTM^ 
£ UT**n-5»***G aN$nSI:t5CT'J55. 
[0 0 3 4] G a NiIC»HT»*^nI H-^> h 

x&Ki. &m&)izmm$:mui'ti<T%nme)mm&& 

TikTo t^?m\$G aNCD&mm$:&tE\zJj-z.2>\Z\tm 
&#XteE\z$&nzmm*M®>ZM&izMffll,tztfti 

iZ^tli-mm^G aNfflnlF-^> KtLTlilT 
[0 0 3 5] ^^TnSGaNlSilt(iK-A>h 
*tt^tCi2g^^< : fc^{CnMK-/1> hiLTJ&i: 1 0 0 

[0 0 3 6] Lj^fcJElVfcHTKfcfim^SttffctfSSK 
"To 1X10' 6 cm" 3 ~ixi0 !1 cm" 3 (Dm. 

nic«koT#6n-6nsastR0D*^»j7ji««. 1x1 

0 ,6 cm- 3 ~ixi0 20 cm- 3 
[0 0 3 7] K*WX£bTW«&**ttfl§Lfc»&. 




( 6 ) 

. 9 ' , 

So 3twm*>a>mmz3in\z. RftttsMSttcfitsT 

« n -V U I, H i — t.ts.% Z. t &t>fr ot^ 

*. sfc, ¥twmz<Dmmz&tiismmmmtfHb< 1 x 

10' 8 cm" 3 ^±(C^^>t, 7*h^5^-yfe>X 

K^ita^ 1 X 1 0 1 8 c m" 3 J^T. $f * L < « 1 0 

1 7 cm" 3 )HT\Zfcm-?Z>a&m$.V\,\ GaAsl 10 

[0 0 3 8] 

1. HVPE (Halide Vapor Phase Epitaxy) flafttlM 

2. MOC (Metal lorganic Chloride Vapor Phase Ep 
itaxy) £-«&JMfifl:tt3Ugj&B8; 

3. MOCVD (Metal lorganic Chemical Vapor Phase 20 
Deposition) WtS^MCVDft 

4. 

[0039] Mtmfs.fttii&mt* Ga&m&mmt-t 

S. Ga+HC l->GaC 1 tU^SJST-lGaC 1 
T> ; E— 7NH, tGaC 1 ©SJ£lC<toT, 
GaNS4S«. GaC1^50Tlft*t^3® 
T&So MOCttGaOtffl^IGa (CH 3 ) , £1! 
i^-fT*. Ga (CH a ) 3 +HC HGaC 1 tm? 
SJST— IGaC 1 7>t-7NHj tGaC 

1 CDSJS>JC«toTGaN*-&^t-rs. cntC«t-3TG a 30 
A sS«_h{C9 0 0X:&L±(DMWlT\ K,£3t©GaN£ 

So 

[0 0 4 0] MOCVDSHGaCtiilGa (CH 
3 ) 3 ZmmfTZo NHi tiSl^trSJ^^-a-T, Ga 
(CH, ) 3 +NH 3 -GaNif^SJESECS-B- 

[0 0 4 1] #f£D§«: l . 2 icttjg-r-5. L^b 
&*&&\znt)tlT^Z>3<DMOCVT)mzittm-C$> 40 
S^t^^ofeo £©#ftteWtfc&JgGa£Iim!Cte 
p. l*fc-BGaC 1 ^5tV^Ii*%^. 
fcs6fC, #«*«0«H«7C*T**R3R*«G a NXfcT* 
*->-WHf KgAfSo f^MSi, ^miSfifSrio 
1 8 cm" 3 JMT{C#^R^if5i&lt©G a N 
-r-5£#. MOCVDST(«fiIg*tlt?T. &ft 
WfCHVPE?£. MOCftiC^trCT'^T^^o KStni 

nsttt^Sc (ni+t'JJ) £Bfe**©IH!K::iEJt0iJH 




#M 2000-44400 
10 

£#SEL&<^ (l O 1 8 cm" 3 «T) i^TSS. ^ 

[0 0 4 2] -?-n«0^.. #f£BJ«. GaC l^UT 
GaN5«-ri>HVPE^MOCffi^Sn. 

[0043] Y-y?z>tz#>\z, mmx*. 

3S#&S. MOCbHVPEfcHC l^/XSft^. H 
S?t«*t+HC 1 i:LTfflV>S„ 7>t-7NH! fc 

iff. *£^i;**<Z5a*£fcW#|-e&<5. zfctt. H 

C 1 (C-^SnsiG a&Jg. Gaf«4ItRjSLTG 
a 2 OSrJBffcU fcJ&tCGaNjgftfftc^t-^oiiS 

£#x.e>n-5o 
[0 0 4 4] fifc. ffifc***?*-^*®^^* 
Silt. NHj i/xtfl:K3llStf**SS«itfc 
3ES*^»-5C<i:*l8SiLfc. NH, #Xte, NH, +tK 

ir. Mm* &S L,TJnASo Z\(T>-ftmv> 
[0 0 4 5] *^C±cT. GaNMCiL-. SS» 

mznM.fcm&e>MM*ft j 5&#»imzts.z>. mmm& 

SHX10 1 6 c m" 3 ~ 1 X 1 0 2 0 cm" 3 CD^ffl 
ToT, nS+-V'J7ISK^l X 1 0' 6 cm" 3 ~1 
X 1 0 2 0 cm- 3 ©ffilCGaN^i^Wct 
So St*«&. **>JTmm*frl£V<it5Xl 0 1 7 
cm" 3 ~5X 1 0 1 9 cm" 3 T&So J:0»*b< 
IJ1X 1 0 1 8 cm- 3 ~ixi0' 9 cm" 3 
S. **U7a&^t>£jra*OTtf9A&T&«. 

[0 0 4 6] G a N«t*U-7 r-f tS«©±l;MOC 
VDSCotoT^XbnT^c. -e<»«^nSJ H-A°> 
NHS itJbO. ->^>#X (SiH, ) /0th*-tf>^ 

SSo *%^«^©«J:3/oC^/oC^X^{sEc>*^< nS 
GaN^O<5Ct^Tt5. fefcbtf^X^ig^ 
6S I*»GaN*«ia«f»CjgA-r*. **WiJR*sMf:* 

ttt&mtisTG aN&m'piz&A-rz. z.<Dmt*mw 



( 7 ) 



11 



m-e&Z* 1 x l 0' 7 cm" 3 fiTFTfcSCltat&R 
[0 0 4 7] 

[HJSW [iffifJl :GaN/GaAs :HVPE 
J£, 3«|g©HC 1 1i7s1 G a A s (111) AffiMS 
±iC. S i 0 2 jfeWBS— «KJE«cbfc. 7*h'jyy 
v v j \z «fc o TjfcR©SK£«fliJ« K#Hfclftttfc * * 
JBfiRbfc (HI) . jSlttOSR— T)f42/imftT**. G 
aAsl«®<l 1 -2>^fp)lC4 MiTitf (=d) 
TIJUICM^S. -tOW^S 3. 5/xm (=3' /, d/ 10 

2) (mfcttatc^hfy^-rs-a-T, mwyf-nma 

(GaNA'77rl) 

(G a NXbf^*->-WUJ!) 9 2 Ot- 

[0 0 5 0] EOJfcfiCWaBKlfc^TTXf©* (2m 
mft) OffOGaAs^BitMilLfeGaNijga©^ 

as tW3e©*ttH«itt* (02) . ttaowwttK 
(03) „ jEE.ftM<Dm&ie>&frzxn&mz&mt\z 

«<P<. 

[0 0 5 1] ^©SIJg^JTHVPE (HAL IDE VAPOR PHA 
SE EPITAXY) mt^O<D\t> %&<Dfcfo&!*imz G a ^ 
^;l-£Aft*:#- h£iR#U Ga#-H*8 0 0tE( 
±(;JDD^bT*3^, HC 1 #X£«tLT, GaClS6 30 

±!:GaNMI$t4t)©TS5l>. +t'J7^Xtti: 

[0052] 05 tzmm^mmrnatt^r. m&rgje* 

1 ©±^!C«fC*4#;*.APi?3. 4^*MbjXSnT^ 
*. S^©R»^XAP«3®itTt:Ga»5*«» 

S«E(c:3t«p$n^)o •*H:? , ;5'7©_htCGaAsa«9j&< 40 

&w$s.mmz£-oTM&izmfrtn:^z>o hc**#xap 
3 hc i +h 2 xxrfmAznz. z\n&mmtt 

7NH, +H 2 tfX^aSASnS,, 
[0 0 5 3] gjfcitte, 2Ga + 2HCl-2GaCl 

mzit/3:irj:^i)^mit7^mz^X~ B.G a <Dmt®> 
GaC 1 £{£-5. £nttJftfiT?tti*»lC&0**K:«fct> 
TiI-SC MifflGaM$f5i(i^A7 50 
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£<1 1 - 2>^fatC— i24 Mm©IEH£|JB2 
©SMC&&. 

[0 0 4 8] -?-©|g. HVPEglCiO, ^4 9 010© 
(SfifcfcHT. TXi'/GaAsOllCGaNiii^^ 
ny77l*8 0nmMlfc. $?,(C#fflb9 2 0 < C 
~ 1 0 5 O'CCD-mWZ&^T. GaNIhf^ + ytJH 
&m2 0 O)im01l«;MLL 

[0 0 4 9] OSO^S^ti 

4 9 Ot: 8 0 nm 

- 1 0 5 0*C 20 0 it m 

-f HVPEtl^OTfc*. Ga-GaClWiO, * 
tt&M€tt*?ftfr>. Xtf^3r->-WU?£©itWJGa£# 
*.*Jg|§©&lA{Cc&£. iiCHMilltt^T^?. 

[0 0 5 4] ^^THC 1 ^XlJ^fCSlSOfc©* 

(a) ^FM^<tLT*«:i^j2 0 0 0 p pmtUfHC 1 

(b) ^®M£\^Tjk*mi 5 0 p pmWHC 1 13 

(c) tt«£«OiBLfciS«g©HC l XX 

[0 0 5 5] ft.m<D£?\ZHC l #Xtt«iLTI 

[0 0 5 6] G a A s '7XASrSJt^^&?tDai"r<i:. 
ftBttlCG aNM^I^MLTLTV^c. Ctltt 
GaN/GaAsfltj£T-&-I>7^<=>. iTKfCAtlT. Ga 
AsS«£i£8?l&SLfc„ aofcfflttGaNlTSI.. 
cnttJ?$^2 0 0 w m&-5©T-eS:j8lT&-5. Ga 

fOGaNMtnut^i,. 
[0 0 5 7] HC 1 ICOUT (a) ~ (c) 

MwGaNiis^iL. mmmmo£**vTMm 

nZMfel-fzo &lHilfi«S IMS (Secondary Ion-Ma 
ss Spectrography) {CkoTiBligLfc. Ctlfi^Fffitttf 

x © -r ^ > * a tc ^ t t - * > £ * -s-Kasu 

©T?**. +f 'J7ilgttHa 1 lfl«£fc«k-3Tt»*. 
[0 0 5 8] fitgSLfcHC 1 tfXtCfc&SI. TMi^Stl 

*n*. ^mmT'&z>7> : t-Ttz>bmm* 

l£**ft.&. -e-^V^IRT (c) ©HCl*«V>tGa 

[0 0 5 9] [H»J2 :GaN/GaAs :HVPE 
*£. Tk^JDHC 1 #X] H*6#IJ1 il^UTffeiC^-DTG 
aAsS«ffl±i:GaN«J|4ff«bfc. ^SD^XS- 




( 8 ) 

13 * 

* « 

$foTHVPE&;<kDGaNA777itGaNI 

¥?*^\')}sm&&&Tz£^o&.\tmK-e$>z><, hc 

l#X#^Ljt5. HC 1 ^tt+tU7tl/TO*^ 
#X<fc£t>'£GalC#l:i&t"£<Z)T<&5a«, *vUy#X 

iCgf^SrGaC 1 H 
[0 0 6 0] <d) *OjgU*MILfc»tt*HC 1 
(e) ffiM*^ArifcA*y7^*m^7.tC«l;oTA*^'J 

[0 0 6 1] £n£2«gg©#X£jiS&ltsrc-g£-L 10 
tzJJZ. (d + e) H C 1 #X t LTfiJffl-T-5. HC 

1 tCjfef-f 3 0 0 0 p pmJWTOteHT^X. 

fe„ 9^0, H 2 O/HCl=0~3 0 0 0 ppmOi 
fflT'j* j^KHC^ftS-tffc. 19]*© 2Ga + 2HCl— 2 
GaC 1 +H 2 »HJfclC:fc^TzK;^& ; 5>#>'E>, ^Jft/^'G 
a C 1 ©— aHcSAf*. g?5H£ h*-A> h £ LTfiJffl 

[0 0 6 2] [HIM3 :GaN/GaAs :HVPE 
j£, Wtm&mHC l #X] mmM 1 irl^l^fttcfccT 
GaAsS«©±{CGaNiiSfli^f^mbfc. 20 
tt^ttSl'Xi'SfoTHVP EffiiCJ: 0 G a N/N* 
77rIiGaNXt:5' + ytJH^-r2 l i:l^^ 
li|BlCT&&„ ^tTKiff (HC 1) tfX^Ljg?,, H 

c i X7>iz]&mmzmmxx&m'£-?2>. hc i #xtc 

*fcd*tt**K: J:tjT»*£*BIWfc:G a C 1 t£^£ 

[0 0 6 3] (f ) *DiIL*M^fc»tt«HC 1#X 
(g) SMSKS^fX 

[0 0 6 4] dtie. 2aS©-*fX*jS^^Jt^g-&L 
fctfX (f+g) HC 1 ^XtbTfi]ffl-r-S„ HC 30 

1 tZltfTZ>Mme>ltm$: 3 0 0 0 p pmEi,T0Klt^ 
TLfz, OSO, 0 2 /HC l=0~3000p pm®« 
HTK^e*)tC^t$-&7t. »©2Ga + 2HC1^2 

Gac 1 +h 2 <nfcfc\z£>^Tmm&$>2>fr*>> mm& 

GaC 1 ©— mzMA-fZ* 
[0 0 6 5] : GaN/GaAs : HVPE 

*I»NH S #X] *M^lJ 1 il^CTJffitC^oTG 
a A sS«»±{CGaNiiSffi^©bfco ^£0, TX 
i'5ftoTHVPESi: t t!5GaNA'777l<!:GaN 
Itf^ + ytiH^^TStl^iT'ttl^UTfeS. 40 
NH 3 #X*><ii5,> N H 2 #X«, +t'J 7# X tLT 
7K^-9X*^ffl-r-5„ ^COTK^-^XlCTK^^JD-r-Sri: 
»C<fcoT. fiUMtC&Pil^NH, ^XtC-^S-B-^di:^ 

[0 0 6 6] (h) !®0jgLi|t®!Lfeiil«eSNH3 #X 
( i ) SM*^Anfc/\'7 r 5'^*^^X(CJ:oTA*^'U 

[0067] z\n*>2mme>xx$:m%fcitmT*m&is 

tzfSX (h+i) S7>€-:7^i:LTttffit^ S 

;t. ! 5-rLfe-r^T©*PH^-v'j7'^xttA*> r 7$rji-r 50 
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•&mzis.<. ^(D—mz-D^xny^^m^i^o a 

M5ppmi5^, 50ppmJTtltJtf:. NH, 

^x«^n^T©Hc 1 xziztt^mizmm-rzfz 

ib. T>^-T137.mz^%.iiZ>i£<DWtZ / >ti.<-Z% 

4>&< Lxhitmmmmmz. GaN^icBtoiis 

[0 0 6 8] [HM^J5 : GaN/GaAs : HVPE 
£6. &5HSSSPNH3 #X] #U£0>Jl tlUl^&JC^oT 
GaAsS1£©±lCGaN*£il£f1-g[bfc, OSO, V 
Xi'4ffi?THVPESl:J:0GaNA'777ltG a 
N X tf ;$* * -> A- /HI £ £ fiL? £ iz ^ o « ^ U Tab 
NHj tfX^'il?. NH, #X*«»I£iig£iiA 

^t/cNH, xxzmmisfzo 7>*:-Tjixtp<Dmm 

Oi^lOppmOfcffl, 10 0ppmffl!)ffl5fffll/ 
fz, NH, #Xtt, CinSTCDHC 1 ^X(CJt^»fC 

[0 0 6 9] 06 {Cj^Jg^lJ 1 5 COUTO 3 8 

cDumiz-D^Tommmm/** u T«ft»iai^^ms 
*?g«o (cm- 3 ) -eab-So ^$ai^^ u yjgfin 

(cm" 3 ) T-&-5o #4a6tt^»iO=n©i«§IT& 

•a. z\com.mco^L±izm^.M.mAmz<. o=nmm<D 

±\Z*>2-Z><D&&&Z> 0 TlC«4^fe-5„ 0=nittiijS 
<D±lZ\t3 2 jil^^A#:0=nEi^{C^ 

AU0 0?ST^;t$t*n. WcWcC<, o 
< n ©SMjej«0-#j5«*t»OTK*fStt*«^.*^-J-± 1 0 
0 %£-S*.-g>„ 

[0 0 7 0] te-tftC 1 0 O^^rMA^^ttafitt^e 
S lMSMfiltHa 1 1 ifflJt&BCDUfCigS 
■?Z>ttttlZ £Z>mt£ t**i#Af#*. b^Li 6 «$Jy£*g 

»-et5.!:H5*TS5. 1 X 1 0 1 6 ~ 1 X 1 0 2 ° 

cm- 3 (Dfc^mmiz&uTJr'rVTmm&fflffl-r&z. 

[0071] *aw*w^Etc4iir»T*+' u Tmmtmmiz 
m%.z ti&M %cn& % wmmmmz* ? xu ^. <=> 

.tTJ^KO^a&S. ^m^lt^— STa& -5 a~c©^ 
ftl^OHC l^X^ffioTt, G a N*1SOf* 3 a5(CB' 

oasniBHii-8fiin. rbohc i <pmmm 




( 9 ) 

, 15 ' 

xfc. mprvmmmmmx <;>•?<. l^l^s, mm 

[0 0 7 2] U±©iSamii, HVPES (y\7-f HSCffi 
j£gj£) (cJ:^>fc©T*-5>o *n^»Ct>W«^«lfifb 
^SttBjSftS: (MOCft : Metal 1 Organic Chloride) (C 
±oTGaAsSS±l:GaN^^S^t|4It 
L^fc^TSoTfel^lSWffiM^^tl^:. ItlttGa 10 

(CH 3 ) 3 CHC 1 #X£3§TT. GaC 1 £ — 1ft 
figb, iniCT^t^TNH, ^rf^ffl^-a-T. GaN£ 
o<-s>fccDT*&3o KlliGaC l &ftz$km-?mffits 

[0 0 7 3] 

©nSJG aNS«£f£§rr£;i£/^T-#-£.„ Si£K- 20 

[01] G a A s (111) A®£*t£<i:LT^©-LK 
[12] YXi'ffli^eGaNlW + ytMISt 
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•5 i: ^ Ji£*£S*-Tfi£g L <t £ G a N^IE/n £u£ 
tfcfCTX i7 co±tr S-c^d^ £ i: &Sfvx^ ¥®0. 

[0 3] VX?JP^£jg;tfc/£gL7tIE7N^CDG aN 
SSghtimmT Z> fefr 6 L fcIE*£l fl^ © G a N i: S« 
L TStRBte < vx 2? £ila6^ < "T £ £ SWMi. 

[04] GaN©Xtf^->-W^fi<7)j&@£&'b:bL 
fc0„ (1) teGaAsfflfcfCVXi'^W^. 

(2) teVX^©3g©gl$#lcGaNA*-y XrJl£j£fi£ 
-e-fc0. (3) li££ICGaN£it«3-y-;t0. (4) 
teX-yfP>2/£|$£Lfc0. 

[05] HVPEffi (A5f Kmfflj£g?£) ©gBfiUBS 
*/*0. 

[0 6] GaN^ItffltilS (cm" 3 ) t** U 
7«« (cm" 3 ) »H^^^-r^^7 0 
[^©ittHJ] 

lBf^ 

5Gai@ 
6 G a 

8 ->^^ h 

9 G a A s 
1 Og^P 



( c m -8 ) 



( 10 ) 



mm 2 000-44400 



[HI] 



[B2] 




GaAa(lU)Affi 



[0 3] 




CUD 



GaAs ( 1 1 1 ) A® 




CI 113 



(111 ) Ga A a Agg 

[04] 
( 1 ) 



^7 



GaAs ( 1 1 1 ) A 



3 



(2) 



GaK **y?TM 




(3) 



GaN x*^>*n# 

^! ^ ezt ^ 



GaAs 



(4 ) 



GaN IS & 



( 11 ) 4tM2 000-44400 

[05] 

HH,+H, HC^ + H, 




&m\%&?i- rtrm M-Tiiti^fiM AKme^TtTM R&it-T usi 



